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Research advances in traditional Chinese medicine for treating ischemic

stroke by regulating the hypoxia—inducible factor 1« signaling pathway
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(College of Basic Medicine , Heilongjiang University of Traditional Chinese Medicine/Heilongjiang Provincial Key
Laboratory of Basic Theory of Traditional Chinese Medicine )

[ Abstract]Ischemic stroke (1S) is a disease caused by insufficient blood and oxygen supply to cerebral vessels, with the main clinical
manifestations of hemiplegia, sensory disturbance, aphasia, and ataxia. Studies have shown that hypoxia—inducible factor 1o (HIF—
la) ,as the core regulatory element of oxygen homeostasis , can be rapidly activated under hypoxia/ischemia conditions , thereby playing
an important role in the pathophysiology of IS. In recent years, more and more articles have shown that the active components of tradi-
tional Chinese medicine, Chinese patent drugs, and compound traditional Chinese medicine prescriptions can effectively regulate the
HIF-1a-related signaling pathway in the treatment of IS, but there is no systematic summary on regulation of the HIF-1a signaling
pathway in the treatment of IS. Therefore, this article mainly summarizes the structure and physiological activity of HIF-1a and its
mechanisms of action in IS and reviews related studies on Chinese medicine monomers and compound prescriptions in the treatment of
IS in the past five years in China and globally. It is pointed out that the Chinese medicine monomers and compound prescriptions can
repair brain tissue, alleviate brain tissue damage, and exert a therapeutic effect on IS by regulating the HIF-1a pathway to promote an-
giogenesis , inhibit neuroinflammation and oxidative stress, promote energy metabolism, and repair blood—brain barrier damage.
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B %75 7 ] F —1a (hypoxia inducible factor-1a, HIF-
Lo ) MR AU ST NE (9 A% L e S TR, £ 1S R A S5 A AE ST i
e i, DRGSR 5 3 A R T R R TR 4 A A i 2
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o HIF-1 2 24 MF B Y 5 — R4k, HIF- 1o (7 E
FE)FNHIF-18 (S5M 3 JE) o 7EH E AT HIF-1a JEHERY
JOF 2 ke R AR P i 2 Bt —4— #2488 (prolyl hydroxylase
domain, PHD) #£ 34, F5 il /R FRIE TR (Von—Hippel—Lindau
tumor suppressor protein, VHL) J&—Ff E3 72 Z S v] LI 5
FEALI HIF-10 256 TN E3Z RIEHIE S W0
PUINALG 755 HIF- Lo SR FIBEARRR R, HIF- 1o 7R A9 KA Tt
J¥i B FEAPAR S5 5 R - ) R R A, AT ) HIF -1
508 R T4 R (1 £ BE R B2 L 0TS R F p300/CREB
2t 4 % 1 (E1A binding protein p300/CREB-binding protein,
p300/CBP) 45 1. FEBRAE A AF T, PHD FIMIE 4% 5 1
) PR 4 6% 2 B TR 1o A9 R 20 1 AR 48 I i
BT W OB S A, DT B 5 T VHL A5 14 B fff A1 X CBP/
p300 25 A TR, RBEEFEA Y HIF-1a #E A 4R S CBP/
p300 454, Il i Z BEAL B pE— b 3 0 5 DNA 145 &
AE I HIF-la BE A 4IRS 15 HIF-1B 45 45, B 5 —
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2.1 HIF-la 5 6% & %

A8 A B TR A A8 A9 B EIE OB iy il 487, fie ik
A5G0 DX 35§ 1 908 P48 7 R S A8 B 37, 384 0 AU R B A AR,
T A A v R 248 S RN Tl R S EL AT R R T
HIF- 1o 78 L A SAS (8] B B 95 5L i 7 45 A [ 4
FH L B R TR B A ik & HIF— Lo % S0, (2 3E VEGE | 1M
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R I A R A A T SR A% 10 0 L AT 7 8N B A0 B 4
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(tumor necrosis factor alpha, TNF-a) 4 K 1 4 Ty GE 1 47517,
L R BAEAE T R T HIF- 1o /R A% O 5 F, 1)
LA 5 4% ] F kB (nuclear factor kappa—light—chain—enhancer
of activated B cells, NF-«xB) (7% 14 , A TT 4% NOD Ff 57 {4 #4
T A S5 A G 3 3(NOD-like receptor thermal protein do-
main associated protein 3, NLRP3) Fll Toll FE 52 1K 4 (roll-like
receptor 4, TLR4) 1% 5% 50 , i — 25 8715 /)N e Joe 40 i 7
WAL AN 52 K F (A58 TNF-o R IL-1B) A RS . 45 HIF-
lo 3K By LU AR 5 5 5 85 I8 BE WL B 3— 3% 1 (phosphati-
dylinositol 3-kinase, PI3K)/#E 1 i i B (protein kinase B,
Ak)/MEFL 204 T 0 R #AR 1 (mechanistic target of rapamy-
cin, mTOR )i #-A1 AT LA S8 AE S B, e i 22 oedidi .
Hh HIF-1o/VEGF {5 *5-%% 3: 1 [ W] 3 2o 4100 1) 475 2 10 Bl — 1 9%
PEFNBE 5 02 15 22 T J S 200 M 2205, I ke A vh RS
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FPLA A I TR 25 1) G B PR, 38 e i/ b AT 1 S Y
A B TR A IO RN 30 S R P e AR v — AT IR
TR 119 5 1A /0 A ML 1 At 0 0 OO, HIF = 1o AR Ry
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ST A S PR B A0 K EL R -2 (B cell lymphoma 2 family
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aspartate—specific protease, caspase) K K = 5 4 L I8 - .
HIF- 1o 253805 BCL2/BR E1B19 kDa Ml TR 2 4 3(BCL/
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BEWY AR A T BUBRAE B
PR T 2 M1 G 1 (sirtuin 1, STRT1) 38 32 4 40 2M75 59455
P4 1/2 (extracellular signal regulated Kinase 1/2, ERK1/2) 4
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AT, HIF-1o 5 8R4I T 04 R SR A% |, 5 HIF-
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P I e e O TR IV R i S R R RN E SR L DR DI S R
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HIF-1o/EPO fll3 o NF—kB/JAK2 3 B0 5 /1N e J5 40 Jfd 28 S
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ALPETT 55 HIF-1o/EPO 35 B, 3 8 75 Bk ROS 4EHF A
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EARFIF M,
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2021 AR A S 86 v & B HSY A R gF SIRT1/HIF-1a/
VEGEFA 3 %48 =7 148 A8 A 56 [ F Ang—2 Al PDGFB 5 &2,
$4 5% OGD/R 397 18] fi 0 1 4 A B2 46 L (BMEC) 1 CD31 Al
CD34 B2 Eom R A, HSY A AT T I8 e i) BRUARE 48 R
TR B F A, A 28 RE B, #F 1 8 45 NADY/NADH L
EIR A2 Sirt] 23k, BH 1L VHL Z Bk, 42 U HIF- 1o [ , 3]
HIF-1a % NOX2 P85, [ A% ROS 172 48, i S AL 7 38k, 12
PHBUNEEA L EARENE  WE BB EBEEARASY
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MCAO BRI B 52 M2

AR N TP R L Y R R A S, B —
FE AN 2 A VR D FE Bl A PR B — B TR R ST
FE R AN R AR A R SUK P HIF -1/ BNTP3 38 %
T3k B A WE/IMAKCR: Beclin—1 Fl LC3B # [ 35 BT
caspase—3 Fll Bax £ [ 235 , JF M 3G 58 [ W: , 490 i 47 25 200 Bp 9
TR M TIRe I8 Ml 2H 23451003

FRXG LR GRMED A LR AE , B (I a5 5, R0 Ak
W, fife i Z DT LA I BOIR A, PR HE M sl . AER XS L
Hh B IR F) 85 X LS B AT A2 2 HIF- 1/ VEGEF/Noteh {55
i R $E i DI4 | Ang—1 Il CD31 3635 , I 52 vk B 4l vk
77 8 MCAO J i T RE Sigst , 9l A FEARFR -4 22F i
1 RO

JI R Bz 202 D 24 o Bz B B ) B R AL 59, 6 B
FEF W1 I Bz 38 VT 10 ) 4 A R ) T 54 50 AR Pk | 3 o
P95 HIF-1/VEGF i % , A 28 9 AH OC 5~ TNF-o Al L~
B 7K, $215 Bel-2 mRNA 7 &, BEAR I T 40 56 85 1 Bax Al
caspase—3, Ji/> P G fu i 1722228
312 MR aY) HEMEE-FRARNZEBmELEY .,
LR T A JREL T T S T AR B
Al RO A S 2R IAE R . SR/ RAEPIFE R,
T Ao e 92 2 A R A g5 B IR A I K I 1 B R T R R
HIF-1a . BNIP3 fil beclin—1 7, AR mTOR &+ , 7 11 1 54
FI G P 9 /NK B SE AR, 2 K Blig 3hRe )
3.1.3 BHEHEAEY BHEHHE IVE—F R
ARAG O BTG PE T, B SRR i 2 OR 4P R R AT,
THRITZ R . Li MC S5 S I R PR RO b 5250 2 Bl 3 1
PP TV AR R /0 e S5 200 il 1) M2 A A L i 5 AMPK 3835 | TRl s
WA AR AL mTOR F HIF—10 7K ¥, T JEDB T it A 56 535 2
1 %5 8 e e s R 1 (glucose transporter, GLUT) 1 \BARRFR 4 iz
# 1 (monocarboxylate transporter, MCT) FI MCT1 , F& G 4 5%
i I 338 i O M 2 (hexokinase 2, HK2) FTPN B R 184 il UL 1A
[7] T} M2 (pyruvate kinase muscle isozyme M2, PKM2) i #& ,
PRI K AR 2 LT AERL S A A0 , OG5 R 2T 4 B 2], 1
LB R LT R % BRI BE o B e T TV i o 315 G b iR
itk Tl R R 1 % d 1 1 A 5% St DT B2 00 /N JE I 4 L
R A AT i e 22 AT, Dl D e a4 v i i ZH 2453403

=ABE TG I Lk kR, 2 T IS BIR YT, H
PR =L FENE N . L RTINS
X VEGFA . VEGFR2, AKT ., P-AKT Fl HIF -« [ 3 i5 K F- .
TEXERLG W55 7 KMEE 14 KA OCTA HARK I A 98 =1
LT A A I A T AR B L LA A e e AR L AR AR A
RV A Ry 5 B A AN T B e de . R =LA
VA S 2 e i e ot DX A A Il AT R, o R BRI e
TR SRR R M40 , 32 = M 2 b Jg A AR, Ak i
o 2R =L ATl AL T HIF-10/PKM2/STAT3 {5541 il

/I ST AR R G | 18 T % i 2 v S A e D RE Bl L e T
I S0 1 15 1 A 194 P B )2 I £ BB 45521

3.4 WEFAEGY WA R R IR RO L R
I (37 oy T P EL A A B 5, RS PRI K DR A i v
SRS R E GRS . REE &
3 A A D ST 56 UE A AR A PN I K R T AkY/Erk/HIF- 1o 38
1% e 9 /D 9 RE BT 1 BRI, TR R AR T AkvHTF-1/HO-1/
VEGF il 5/ 8 T AH DG ER 11 A 21 R Ikl 0 s i 1=, S2 3
IAZ2 5 T U/ W e 1 375 S A A%

PSR A BEER AN h 2572 h 4R BUW s FR 2L
WS A 2t AR N 5 0979, HoKis v A
FIF RS R AL DR B, P20 T A G 8 £ 38 3
HIF-1a/mTOR {553 % , F# A% [ WA XC 3 1 Beclinl F11L.C3-
/LC3- T 323k, 4R p62 2K 112235 , a7 1 300 #4019 Wt , 2
3 MCAO/R B K SR 28 th e didnt , Jol 4 v 41 2 914551

ABRHE CKIEAS Y RbITEMEFEBENEN T, 4
it — FRINA KA 205 AL SR QI R AL T B, AH LT3
il N2 10 35 T 50 B2 B BRI CRT FH . Chen X 2891
SR NS CK Il 30 HIF- 1o/ VEGF {5 53l % , {0t
BRI BTl (MSCs) 404k . IEsh , AS AT CK5 MSC
RS VR AR BMECs , 412 3 1048 A8 S0 R0 100 45 3 B , 10 i 22
TR T S J5 40 188 9, DA sk 2 A5 BT AR R, DT T4 3 i 2
(VR
3.5 BEERZMESY  KEFRIE T2y 8, HA BEN
P AR B I8 (4 FE Y, AT (A RO e i P 7 24 h N
HIF-1o [ 223K FRAG, 300 208 i BT 40 i 73 1 VEGF-A, AT
T ERK/NF-kB {5 53 i 15, 0 T 1 5 5 AH DG R -, ]
B 410 i MMP—-2/MMP-9 ) 7= 4= , B A% oceludin I claudin=5 45
F1 R R A, 300 ot 66 I 4 8 2 1 il | A 1) 5 0 B TR R
WD IS B B MU B R L AR5 BBB 35405 , DI 8020 48 S %
Ik £H 2 g i e

25 bR, AR 2 iR R IO A B R 2 2 RTEE
AT VE A3 38 4 E Y HIF— 1o AT 605 53 B 35, 7E A [R]
AH 8 2 ALRIT IS, PG TR A% HIF- 1o 38
BEIAIT IS IVEFAPLE gl R 1.

32 WHAGTAEFRY

3201 #RAIEMZE FBHIS FL5 R TR T E AT A (R AR
HEY AT TR RS MUFSIE Y 1R R 2. Chen 27 25T
J% BUAIMSH I8 T T AT SO LA PN B 20 i R R 28 o4 L 2%
SRR M 9 kAR AR = e 2 D REVE 3 AL T BE
VTR F 30 1) HIF-1o/VEGF 3 4 09 34005 , LA 45 BBB 52 4
FIFESE IR h B-ENaC B9 T8 iE 35 .

I 6% F A Jie 4 Pl B N A =B AR 2y A R, HLA 2
AIG I B ZETE LS o SEYRATFST J2 B, A 4 J 3 M A 4
2h R PR R T HIF-1a, VEGF . VEGFR2 F1 Notch1 ) 7&
A mRNA 7K G1E B il £ ik 38 38 77 HIF- 1o/ VEGE {5 538
BREIR , B R B 007 S5 M 2T B A PRy, VR0 I BB AT AR
AR Z AR T A . RIS B MVD DL % CD34 g 3%
SO O (11571 3 (| K2 Y A

I 2 30 2 RS YT IRAT SR AL, L FIRIT 2
Al RS o A 5T W, b 2838 T Y L AESE 1 03a
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